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Increased Operational Simplicity In a 
New DC- Several Hundred KC Oscilloscope 



THE NEW hp- Model J 20 A Oscilloscope 
shown in Fig. 1 provides the engineer a 
wider equipment choice from which to match 
instrumentation performance and economy to 
the measuring problem without sacrificing 

quality, precision or 
convenience. The in- 
strument has been de- 



SEE ALSO 

"New -hp' R&D 

Arrongement/' p. 6 



signed for the applications that require an 
oscilloscope with medium-high sensitivity in 
the vertical amplifier combined with an accu- 
rate» high-quality sweep system, but where 
only medium sensitivity is needed in the hori- 
zontal amplifier. Specifically, the 120A has a 
maximum vertical amplifier sensitivity of 10 
millivolts cm, a maximum horizontal ampli- 
fier sensitivity of 100 millivolts cm, a 5% 
overall accuracy sweep system, and a response 
that extends from d-c to several hundred kc 
(Fig. 2). Further, the instrument has an even 
simpler sweep arrangement than those on the 



Models 1 30A and 1 30BR and includes an auto- 
matic no-signal base line feature that sub- 
stantially simplifies set-up adjustments. The 
excellent phase-shift-measuring characteristics 
of the Models 1 30A and 1 30BR are also pres- 
ent, although the circuitry of the amplifiers in 
the 120A is not identical as it is in the 130A 
and 130BR, 

AUTOMATIC BASi LINE 
SWEEP AftRANGlMiNT 

Ihe aut(jmatic no-signal base line is de- 
signed to reduce to a large extent or even 
eliminate the searching with the vertical and 
horizontal positioning controls that is often 
necessary when an oscilloscope is first turned 
on. The arrangement is such that, when no 
signal is applied to the sweep circuits, a low 
repetition- rate trace occurs. The position of the 
base line is thus normally always known. 
When a signal is applied, the sweep automati- 
cally triggers from the signal so that the con- 
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Fig, 2, Typksi frti^uettcy respon^^e chorea: terinfk of Mod^^i 1 20A. 
High- frequency response spread of 20 prodticiion fitstrumet$ts is 

sh&tin hy shaded region. 

Fig. I ( at left). New Model 1 20A Oscilloscope is dtsigtied uith 
auiom,itiv rto-sigtial base lifie feainre to fitciUtaie tnifial set-up 
iid just men ts. histrut/ivfit iiho has spvcinl inter ft at coj/troi uhicb can 
he used to iimii range of p^tiei inteffsity emit rot and thus prevent 
screen hnrning if sensish'e-phoyphor crfs are used. 
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Veniecice of the hp- Presei feature 
IS obtained* Triggering occurs at the 
ifero-axis crossing on either positive 
or negative slope as tlecerrnined by 
the setting of the Sync selector. 

Becjiuse of the automatic base line 
feature, the panel control provided 
on the other -hp- ascilloscopes for 
selecting trigger level is not in- 
cluded. Instead, trigger point selec- 
tion is provided in the form of a 
screwdriver control at the lower 
right of the front panel. This con- 
trol disables the automatic base line 
feature and selects the trigger point 
on displayed waveforms over a 
range oi at least -f 2 to — 2 cm on 
whichever slope the Sync control is 
set for* On external sync signals the 
screwdriver contra I selects the trig- 
ger point over a range from +10 to 
— 10 volts on the negative slope. 
Both external and internal sync sig- 
nals are a-c coupled to the sweep 
trigger circuits. 

In either automatic or trigger 
level operation the sw^eep circuits 
will trigger from signals over a 
range from 600 kc to below 5 cps 
<50 cps for automatic operation). 
Between 10 cps (50 cps for auto- 
matic > and 200 kc the minimum de- 
flection needed for triggering from 
displayed waveforms is i cm peak- 
to*peak. Beyond this range an in- 
crease in this minimum will occur, 
but at 600 kc, for example, trigger- 
ing will usually occur on waveforms 
that give 2 cm deflection. For exter- 
nal trigger signals, a minimum amp- 
litude of 22 volts peak* to- peak is 
required for the basic 10 50 cps to 
200 kc ranges described above* 

SWEfP CIRCUITRY 
AND EXTRA-SLOW 
SWEEP CONSIDERATIONS 

In keeping with the -hp- design 
philosophy of providing oscillo- 
scopes that are accurate measuring 
instruments, the sweep generator in 
the Model 120A, as in the other -hp- 
oscilloscopes, consists of a stabilized, 
feed back- t>'pe sa^^ooth generator. 
This circuit generates a sawtooth of 



excellent linearity' and stabilit>' and 
is essentially insensitive to changes 
in tube characteristics. The follow- 
ing amplifiers arc also carefully con- 
trolled to maintain linearity. The 
result is that the sweep circuits are 
rated as being accurate within ±5% 
o%^eTall, a rating that includes not 
only sweep linearity and accuracy 
of calibration but deflection non- 
linearities in the cathode- ray tube 
itself as w^elL 

The slowest calibrated sweep pro- 
vided on the instrument is I second • 
cm which can be extended with the 
sweep vernier to at least i second 
cm or 5 seconds for the full 10 cm 
sweep. If need occurs for a slower 
sweep, the range can be extended 
indefinitely by connecting a pair of 
external capacitors into the sweep 
circuits. A pair of 2 raf capacitors, 
for example, will extend the range 
another decade, i.e., to 5 seconds, cm 
or 50 seconds for the full sweep. 
One of the capacitors should be a 
high-quality type with high leakage 
resistance and good recovery charac- 
teristics. No loss in sw^eep linearity 
occurs if a capacitor with these 
qualities is used. The second capaci- 
tor is connected to the hoki-off cir- 
cuits w^hich do not impose special 
demand in these respects. 

CALIBRATEP X5 

SWEEP EXPANSION 

Also included in the Model 120 A 
is a calibrated sw^eep expander, 
which is operated by a toggle switch 
on the panel. The expansion circuit 
has two points of special interest. 
First, it operates in such a way that 
a known portion of the display (the 
center 2 cm) is expanded a know^n 
amount (5 times). The operator can 
thus pre-select the portion of the 
display he wishes to expand. At the 
same time any 2-cm portion of the 
original display can be view^ed in 
expanded form by suitably adjusting 
the horizontal positioning control. 

Secondly, expanded sweep opera- 
tion permits a sweep speed of 1 
microsecond cm to be obtuiued 




Fig. 5' Typical difjerefitial pha^e char- 
dctemiic of Model UOA at 50 kc tiiih 
senntivity controls at tf/ual settings ami 
verniers in Ctilihraied posittrjrt. Differen- 
iial phase is essentially zero. 




Fig. 4, 1 ypkal phase characteriitic at 
UK) kc Nnder same conditrons as in Fig* 3* 




I'ig. 5* Typical pha^e charaitcmtic at 
1 50 kc ufider same conditious as in Fig^ 3* 
Phase difference shown is uhout I * and 
was made with Iv/cm vertical and hori' 
zontal settsitivity settings. Typically , phase 
difference at this fraptency may be 2 to 
i times greater on tOt/cm settings and is 
nstiaily less on OJrfcm settings. Internal 
adjustment is pro tided for minimizing 
phase difference at any one frequency at 
higher frequencies. Oscillograms made 
using 100 kc factory setting of this adjust- 
ment 
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Fjg. 6, EMtk mount i^rsimi of Matiti 1 20 A if deiignvd trith panel height of only T* Iq coh* 
serve frontal rack area, .Sttfnher of panel cmitroh has hecn minimhed through use of only two 
major controls — one for rertktil sysit^m and one I or hotf^ suvep and amplifier fund torn of 

horiiotital system. 




where the fastest unexpanded sweep 
is 5 microseconds cm. The accuracy 
of the expanded sweep is 10% as 
compared with the 5% accuracy of 
tmexpanded sweeps- 

VERTICAL AMPLIFtER 
H-F RESPONSi 

Although vertical amplifier re- 
sponse^ is rated as being down no 
more than A db at 200 kc, this rating 
was intentionally estabhshed to be 
conservative and all experience to 
date bears this out- Fig. 2, for ex- 
ample, shows the high-frequency 
response spread of 20 production 
instruments selected in prtsduction 
sequence. For the 20 instruments the 
average response at 200 kc was 
86.6% or — H db and the lowest 
response of the 20 was 81%. From 
these data it can be seen that the 
instrument is usable in many if not 
most cases to view waveforms up to 
at least SOO kc. The instrument thus 
has considerably more flexibility 
than might be implied by simply 
stating that the 3 db point is rated 
ai 200 kc. Coupled with this re- 
sponse characteristic is the fact that 
the sweep circuits are designeti to 
trigger from frequencies up to 600 
kc» as described earlier. 



OUFERENTIAL PHASE 
CHARACTERISTICS 

Even though the circuitry of the 
vertical and horizontal amplifiers is 
not identical, the band shapes and 
phase characteristics are, at least to 
well above 100 kc, as demonstrated 
by the oscillograxns in Figs. 3 to 5. 
As a result the instrument is rated 
as having not more than 2 differen- 
tial phase shift below 100 kc and is 
thus well suited to phase difference 
measurements. In fact, because the 
horizontal ampli&er has basically an 
even wider response than the verti- 
cal, an adjustment is provided in the 
horizontal amplifier so that phase 
differences can, if desired, be mini- 
mized at individual frequencies 
above 100 kc, a feature not present 
in the other -hp- oscilloscopes. The 
adjustment consists of a small vari- 
able capacitor which acts to set the 
first high-frequency corner of the 
horizontal amplifier for optimum 
agreement with that of the vertical. 
At the factor}^ this adjustment is set 
for optimufD agreement at 100 kc. 

BAtANCED VlRTieAL INPUT 

For cases where it is desired to 
view a balanced signal such as 
provided by some transducers, the 



instrument is arranged to accept 
balanced signals on the !0 mv/cm 
position of the vertical amplifier. 
Thus, balanced sine- wave signals of 
3.5 mi Hi volt rms will give 1 cm 
peak-to-peak deflection, while by 
using the 10: 1 vernier on the vertical 
sensitivity- control, balanced sine- 
wave signals as large as 330 mv rms 
can be viewed without external at- 
tenuation. 

Common mode voltages on bal- 
anced inputs will be suppressed by 
at least 40 db. Such voltages can have 
a maximum peak amplitude of + 
or —3 volts to ground, 

HOilZONTAl AMFUFItR 

As descrilwd earlier the horizontal 
amplifier is adjusted to have re- 
sponse that is essentially identical in 
shape to that of the vertical ampli- 
fier. I'he maximum sensitivit)^ of 
the amplifier is one-tenth that of the 
vertical amplifier or 100 millivolts 
cm* T^vo additional sensitivity posi- 
tions of I volt cm and 10 volts cm 
are providCMJ, so that the maximum 
viewable signal can be as large as 100 
voks pc^k-to-peak for 10 cm deflec- 
lioji without using the vernier or 
1000 volts peak-to- peak using the 
vernier. 
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In the illustrations that picture 
the front panel it can be seen chat 
the sensitivity vernier for the hori- 
zoncal amplifier also operates as the 

vernier for the sweep circuits. This 
control is coupled to dual poten- 
tiometers, however, so that it acts 
as a 10:1 vernier for amplifier sen- 
sitivity but as a 2.5:1 vernier for 
sweep selection. 

The cahbrated control for the 
horizontal amplifier is also the cali- 
brated sweep time selector. The 
operator thus has the convenience 
of only iwo major controls on the 
instrument — one for the vertical 
system and one for the horizontal. 




I ig. 8. Mo$l internal calihratwn trontrols ar^ 
locaied m easily*reachef^ rr^w along side of chasih. 
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Fig, 7, Model 120 A includes -hp- devel- 
oped crt leter fnr quick lilignment of crt 
iixis. 



CALIBRATOR 

An internal square- wave calibra- 
tor with an accuracy of -^ 29f and a 
nominal frequency of 400 cps is 
provided for checking amplifier 
calibration accuracy when desired. 
Because of the inherent stability and 
medium sensitivity of the horizontal 
amplifier, no provision is made for 
internal connection between that 
amplifier and the calibrator. Conse- 
quently, the calibrator is arranged 
to be used only with the vertical 
amplifier. 

Horizontal amplifier calibration 
can easily be checked, however, since 
an external sigtial can be measured 
on the vertical amplifier and then 
applied to the horizontal as a check. 
Little adjustment of the horizontal 
amplifier is necessary^ and the hori- 



zontal gain control is thus hxated 
internally. A special position at the 
clockwise end of the vertical ampli- 
fier control automaticayy applies 
the calibrator waveform to the ver- 
tical system without need for re mo v* 
ing a signal applied at the input 
terminals. The calibrator voltage is 
such (60 mv) that it produces 6 cm 
of vertical deflection. A screwdriver 
control is provided at the front panel 
for adjusting vertical amplifier gain 
if desired. 

TRANSISTOR-REGUiATED 
HEATER SUPPLIES 

One of the factors that gives high 
stability to the Models 150A and 

!30BR is the fact that, in addition to 
regulation of the plate supply, the 
heater supplies of the low < level ver- 
tical and horizontal amplifier stages 
are carefully regulated. In the Model 
1 20 A important tube heaters are also 
regulated, despite the somewhat 
lower sensitivity of the instrument. 
The result ts that stability of the 
Model 120A is of the same order as 
chat of the 130A and 130BR. Specifi- 
cally, the instrument is rated that a 
line voltage change of -^10*^? from 
a 1 1 i-volt center will cause not more 
than ii cm of shift on any range. 
Efficiency and simplicity considera- 
tions have resulted in the use of 
transistors for the control elements 
in the heater regulator circuit. 



CRT CONSIDERATIOMS 

A further instance in which care 
has been taken to maintain the in- 
tegrity of the design is in the choice 
of the cathode-ray tube and in the 
conditions under which it is oper- 
ated. The tube chosen is the t}'pe 
5AQP-, the same tube used in the 
Models 130A and 150BR. It is a 
mono-accelerator type which has 
been selected for its basic advan- 
tages over the less expensive post- 
accelerator types. One of these is 
that the focus is constant to a sub- 
stantia lly grc^ater degree over the 
face of the tube* because deflection 
occurs only after full acceleration 
of the beam and lens action at the 
deflecting plates is thus minimized. 
Further, the blooming that occurs 
with intensity changes in post-accel- 
erator types is greatly reduced in the 
5AQP-. These factors account for 
the crisp appearance of the trace 
which is characteristic in hp- oscil- 
loscopes. 

Operationally, the tube is sup* 
plied from a regulated source so that 
intensity changes do not alter supply 
voltages and thus affect Ehe deflec- 
tion factor of the tube. Consequent* 
ly, the display does not grow or 
shrink with changes in intensity 
settings. The tube is operated at an 
accelerating voltage of 2,500 volts 
which, in agreement with tube 
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inan^acturers rarings^ gives the 
same light output as 20^;^ more volt- 
age with post- accelerator types. 
Blanking voltage i& direct-coupled 
ta the crt st> that intensity will be 
independent of duty c^xle. 

PI phosphors are standard for the 
instrument, but P7 and PI I phos- 
phors are also available. 

INTENSITY LIMIT CONTROL 

A Special internal control has 
been included in the Mmiel 120A 
for assistance in those applications 
that require the use of sensitive 
phosphors such as P7*s. This contrul 
is arranged so that it limits the beam 
current that can be obtained with 
the in tensity control on the panel. 
When sensitive phosphors are in- 
stalled, the internal limit control 
can be adjusted so that accidental 
screen burning through oversetting 
of the panel control is virtually 
impossible. 

INTENSITY MODULATION 

High - impedance terminals are 
provided at the rear of the instru- 
ment for intensity- modulating the 
trace when desired. At typical oper- 
ating intensities, an applied voltage 
of +^0 volts will blank the trace. 

7" RACK MOUNT 

As a convenience to users of rack- 
mounting instruments, the rack 
style instrument (Model 12(JAR) 
has been arranged with a front panel 
height of only 7" to minimise rack 
space con s u mp t i on * 

Vertical and horixontal amplifier 
terminals at the back of the rack 
style instrument, although not stand- 
ard h. can he obtained on special 
request. 

GENERAL 

The design abo includes a num- 
ber of mechanical conveniences. The 

bezel is designed to serve directly as 
a mount for a standard oscilloscope 
camera and is arranged with the 
tube shield and behind -the -panel 
guard ring to be light proof* The 
bezel itself can be removed quickly 



for tube or filter changes by means 
of four screws accessible from the 
front. 

The crt positioning lever (Fig, 7) 
first introduced by -hp- on the I3()A 
is also included in the Model 120A 
to permit quick and accurate align* 
ment of the crt. 

As a special convenience for main- 
tenance, all but four of the internal 
controls have been located in a 
single row along the side of the 
chassis (Fig. 8). Two of the other 



controls are associated with the crt 
circuitry and are located near the 
crt socket. One is the intensity limit 
control described earlier, and the 
second is the astigmatism control. 
The third is a hum balance control^ 
while the fourth sets trigger sensi- 
tivity. Both are located on the chassis* 
Finally, the cabinet is provided 
with a tilting bail which can be used 
to elevate the front of the instru- 
ment for convenient viewing in 
bench use. —DtianvDunwnodh 



SFECrFICATIONS 
-ftp- MODEL 120A 



OSCILLO5C0FI 

SWEEP 

Sweep Range; Ij^sbe cm lo at f*Hst 0-5 iec / 
cm. 15 CalibraNd Sweeps in a 1- 2-5- 10 i*- 
q^rence from S^sec cm lo 200 rnllltwc cm, 
accurote to within ^ 5^=.. Vernjef pernrihirs 
contFnuou^ ad^u&l/nenT of 's^^esp Timf} bf' 
tw^n c^i?tpbrDt«d :st&p3 and eittendSi 200 
mjtfpsec cm step to at least O.S sac/cmi. 

Sweep f jfpand: X5 swaep expansicn may be 
U5«d Dn all ranges and frxpondf fattest 
ivf^ep fo Ijiisec, cm. Expansion rft db&ut the 
center of ih« CRT ond i&x ponded ^weep 
accuracy is rirllO%. 

Sn'nc^ronjfDfJDnr Interriiol'ly from vertical de- 
n^cfion signals cou&in^ 1 2 cm or more 
verficaJ deflection, from line vatroge, and 
from external s^ignals of leott 2*5 volt» 
peak-^to^pook. 

7fJgger ^oin^- Automatic: ZerO' croaiing, neg- 
ative slope of external Jync ilgrrolis, zero 
crossing, pasilive or negotive tlope of 
verliCdJ deflection signoli. Screwdriver 
cant re J overrides outoma'ic and permits 
tritiqef point to be set bet'ween —TO to 
— 10 volt*. Turning fully coonter-dockwjse 
restores outomctlic oporotion. 

VERTICAL AMPLIFIES 

Bond width r Dc coupled: dt to 200 kc. Ac 
coupled: 2 cp$ to 200 kc. BondwidiK is m^ 
depefiderft of leniitivity seMing. 

Sensffivfty- 10 mi IN volts/cm \o 100 volts, tm 
in 4 cctibrated stepi (10 mv cm, 100 mv 
cm, 1 V. cm, and 10 w.'cm"i aj;«uroie witbtn 
z!i5%. Vernier permits continuous odjosl- 
ment of sensitivity between iteps ond 
extendi 10 v cm step lo ot lecst 100 v cm 

fn^rna/ Co/ibrofor: CoElbrating ^ignol outo- 
nioticoHy connected to vertical amplifier 
for stondordiring of soin, accuracy !^2%. 

/npuf Connecforir Konono }ocki, spaced ^4". 

Inpxjf impedante: 1 megohm, leii thon 50 
fifif shunt, 

fiofonced input: On 10 mv/cm ronge. Input 
Imp-edonce, 2 me^ohmf «h unfed by less 

than 25 ^^if. 

Common Mode ffe/ectfon- Rcj^ctfon ot leost 
40 db. Common mode signal must not ox- 
ceed ±3 volti [>eak. 

Phoie ShJtt Vertical and horiiontal ampli- 
fiers have some phase choroci eristics 
within +2° to 100 kc when verniers are 

fully cw^ 



HORIZOMTAL AMPLIFIER 

BtindwMth.' Dc coupled: dc to 300 kc, Ac 
coupledr 2 cp» to 200 kc. Bandwidth 1% In- 
dependent of attenuator setting. 

Sensftjv^'fyr OJ voli cm lo 100 volts cm in 3 
colibroted steps (.1 v/cm^ 1 v/cm, and 10 
vcm] occarote within ±5%. Vernier per- 
mits continuous adjustmenl ol sensitivity 
between steps ond extends ^0 v'cm step 
to Ot leost 100 V. cm. 

Inpuf Con nee for i 2 banano plugs* spoced 

Jnpvt impedanc^z 1 megohm^ nominoT^ 

s^hunted by less thon JQ t^i^f, 
P'hcise Shift- Horizontal ond vertical ampti- 

fiers Have same phose choraef eristics 

within ±7^ to 100 kc 



GENERAL 

Cafhode Roy Tuba: 5AQPI monD'Occelerator 
normolfy supplied; 2500 volt occelefatTr>g 
potentiol, P7 ond Pll phosphors are also 
ovailoble. P2 is ovoilobFe if desired for 
special applicottons. 

CRT Bei^/r Light proof bezel provides firm 
mount for osc ilia scope camero ond »s re^ 
moved easily for quick chonge of filler. 

CR7 Piai^i: Direct connection to deflection 
plates via terminals on rear. Sensitivity 
approximately 20 v 'cmr 

^rrfensjty A^odu/o^edr Tef minols on reor, -1-20 
V to blank trace of normal intensity. 

f(7*er SvppUtd: Color of filter compotible vi.'ith 
CRT phosphor supplied; Green whh PI,- 
Hue ond omber with P7: Blue with PIT. 

J^fuftifnoted Gfofituiti Edge lighted with 
controlled illumination, 10 cm >i 10 Cm, 
marked in cm sc^uores. Moiof horiiontol 
and verticof axes hove 2 mm lubdivislons. 

Oimeniions: Cobrnet Mount: 9^-4" wide, 15" 
high, 21 Vi' deep. Rack Mount: 1?" wide, 
7" high, 2114" d^eft. I9V3" deep behind 
panel. 

VYergM.- Cobinet Mount: Net 34 lbs ,, shipplfig 
50 Ibi. Rock Mount: Nat 32 lbs., shipping 
47 lbs. 

Power: 115 230 volli ±10%, 50 1000 cps; 
130 wottK. 

Equipment Slidvi: Can be installed ot the 
Foctory pr\ specioK ord»r fqr eosy with- 
drawal of Rack Mount from £quipmeni 
rock, Speclflcotfon No, 1200T, Price: 
S70,00. 

Accessories Avoi/abiit: AC^83A Viewing 
Hood; focefittmg molded rvbbef, Pricet 
i4.50. 

Price Mocfel 12DA Cabinet Mount: S435.00. 
Model 120AI^ Rack Mounts $435.00. Kar 
mally supplied w^th PI phosphof. When 
ordering P7 or Pll, specify by adding 
phosphor number offer model. 
All prices f.o.b, Palo Alto, Californio. 
[>gta siiibJKt to chonga without notice. 
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In I me with expanded laboratory ac- 
tivity -hp-'s Reseorch ond Development 
Department hos been orronged into four 
new product divisions as weW di on ad- 
vanced developrnent section, a standards 
loboratoryj and an industrial design sectbn, 
all under the direction of Dr. Bernard M. 
Oliver, Vice-President for Research and 
Development. 

NEW PRODUCT DIVISIONS 

Engineering Manager of the Electronic 
Counter Division is AEon S. Bogley. Mr. Bog- 
ley obtained a B.S. or the Colifornlo Insti- 
tute of Technology and on M.S* of Stanford 
University. He then came to -hp- where he 
has been project leader for ihe develop- 
ment of most of ihe -hp- counters including 
the industry's first 10-megacycle counter 
and the new high-speed digital recorder. 

Engineering Monoger of the Oscilloscope 
Division is Norman B. Schrock. Mr. Schmck 
obtained cin A.B. and M.A. from Stanford 
University. He has since been at -hp- where 
he has been project leader for the develop- 
ment of a number of major -hp- instruments 
such OS the -hp- FM broadcast monitors, 
the -hp- 140-megacycle bandwidth distrib- 
uted amplifiers, and more recentfy the 
-hp- oscilloscopes. 

Engineering t^anager of the Microwave 
and Signal Generator Division is W. Bruce 
Wholey, Mr. Wholey obtained a B.S. at the 
University of Alberto ond on M.A, ot Sfon- 
ford University. At -hp- he hos been project 
leader on such instruments as the wen- 
known parol lel-plone slotted line as well as 
a number of other -hp- microwave and asso- 
ciated equipments. He k also the author of 
the section on receiver measuring equip- 
ment In the book "Very High Frequency 



Techniques'' by the iodio Research labora- 
tory Staff. 

Engineering Monager of the Audio and 
Video Equipment Division is John M. Cage. 
Mr. Cage was formerly head of the elec- 
tronics section at Purdue University and 
Professor of Eiectricol Engineering at the 
University of Col Of a do. He has olso been 
General Monager of the Industrial Elec- 
tronics Division for one of the country's 
mofOr electronic frrms and is the outhor of 
the book "Theory ond Application of Indus- 
trial Electronics/' At -hp- he has been proj- 
ect leoder for several importont new instru- 
ments to be described in future iisues. 

STAFF OPERATIONS 

Serving in odvanced development copoc- 
fties ore E. F. Bornett, Brunton Bauer, Dr. 
Peter D. Locy, end Dr. Horace E. Overacker. 

Mr. Barnett received o B.S- at Stanford 
University. He has since been ot -hp- where 
he hos been responsible for the design of 
such instruments as the -hp- multi-hole wave- 
guide directiona! couplers ond the precision 
woveguide phose-shifter. 

Mr. Souer received a B.S. from M, I, T. 
and has o wide background in the elec- 
tronic design field. At -hp- he has super- 
vised the design of much af the -hp- line of 
oudio oscillators and relofed equipment 
such OS distortion onolyiers, audio signal 
generators, etc, 

Df, Locy obtained his B.S- ot the Univer- 
sity of Florida ond an M.S. and Ph.D. at 
Stanford University. At -hp- he hos been 
responsible for the design of such instru- 
ments OS the X-band test set, the wide-bond 
Iraveling-wQve nmpUH^r^^ qnd th# recently 
announced micro wove sweeping oscillators, 
OS wefl OS a series of radar simulators. 



Dr. Overacker has hod extensive experi- 
ence in electronics design. He received his 
A. 6., E.E ., and Ph.D. from Stanford Univer- 
sity and has been in development work in 
several prominent electronic laboratories. 
At -hp- he has been engaged in signal 
generotor development and, more recently, 
hos been responsible tor semiconductor 
development. 

The Standards Loborotory, which estob- 
lishes and develops stondords In all regions 
of the rodio spectrum, is supervised by B, P. 
Hond. Mr. Hand received a B.S. at Sonto 
Clara University ond on M.S. at Stonford 
University. At -hp- he has been responsible 
for the design of microwove power and 
attenuation equipment such os the precision 
rotary ottenuotor. 

The Industrial Design Section is super- 
vised by Corl J. Clement. Mr. Clement is o 
graduate of the University of Woshington. 
At -hp- he hos developed many of the op- 
peoronce and mecbanicol features of -hp- 
tnstruments in recent years. 

Dr. Oliver received his A.B. from Stanford 
University ond an M.S. and Ph.D. from the 
Californjo Institute of Technology, where he 
wos sefected os Institute of Internotionol 
Education honor exchange student ond 
attended the Technlsche Hochschule in 
Dormstodt, Germany, under that program. 
He is the outhor or co-author of a number 
of odvonced papers ond has directed -hp- 
R & D octrvities since 1952. He is also o 
Lecturer in E. B. at Stanford University and 
hos been octfve in profesiiona! ofTalrs^ 
serving as Vice-chairman of the 1957 
WESCON and Choirman of the A.I.E.E.- 
f.R.E. NhB.S. Confcfcrrcc on E/ccfronic Sfond- 
ordf ond Me^iutem^nfi fo be held in August 
in Boulder. 
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